Patients with rheumatic mitral stenosis often have no pulmonary oedema despite considerably increased pulmonary venous pressure. Pulmonary microvascular permeability was measured noninvasively by a previously validated method of double isotope scintigraphy with indium-113m and technetium-99m. This permits calculation of an index reflecting transferrin efflux and thus, indirectly, the microvascular permeability. Fifteen patients with severe mitral stenosis (defined as valve area < 10 cm2) were compared with a control group of 11 patients with mild coronary artery disease. The permeability index was significantly lower in patients with mitral stenosis than in the control group. Furthermore, the extent of reduction of the permeability index correlated with the severity of mitral stenosis as reflected by the Gorlin valve area.
Patients with mitral stenosis have a surprising resistance to pulmonary oedema despite persistently increased pulmonary venous pressure, and pulmonary oedema may only appear terminally or as a complication of fast atrial fibrillation. ' In patients with myocardial infarction, a rapid increase in pulmonary venous pressure to > 20 mm Hg (measured from midchest level) results in the formation of pulmonary oedema. 23 In patients with mitral valve disease, however, pulmonary venous pressure can rise gradually to >30'mmHg without the development of overt pulmonary oedema4'-though women with mild or moderate mitral stenosis (valve area > 15 cm2) in whom acute pulmonary oedema develops during pregnancy are a possible exception.
Two main hypotheses have been advanced to explain this resistance to pulmonary oedema in patients with mitral stenosis. First, a decrease in pulmonary microvascular permeability might be the protective mechanism. Alternatively pulmonary oedema might be prevented by increased lymphatic flow, capillary permeability being normal or even increased as a result of vascular damage. To investigate these hypotheses we estimated pulmonary microvascular permeability by the non-invasive technique of double isotope scintigraphy, first described by Gorin et al6 and subsequently modified by Basran et al.' In invasive experiments in sheep, the plasma protein accumulation index thus obtained closely paralleled the concentration of protein measured in the lymph draining from the lung. 6 The plasma protein accumulation index therefore provides a non-invasive measure of pulmonary microvascular permeability and we used it in the present study to examine the hypothesis that resistance to pulmonary oedema in mitral stenosis is the result of decreased pulmonary microvascular permeability.
Patients and methods
PATIENTS
The study was approved by the local ethics committee and all subjects gave their written consent. We studied 15 
Results

GROUP CHARACTERISTICS
We studied 15 patients with mitral stenosis (four men and 11 women, aged 37-77 (median 62)). The five men and six women in the control group were aged 36-65 (median 56). The patients with mitral stenosis were thus slightly older than the controls, and, as expected, were predominantly female. All were in established atrial fibrillation, unlike the controls all of whom were in sinus rhythm.
LUNG FUNCTION
As expected the patients with severe mitral stenosis had reduced lung volumes ( PULMONARY MICROVASCULAR PERMEABILITY Figure 1 shows examples of the regional images ofplasma protein accumulation index throughout both lung fields. In the controls (without mitral valve disease or left ventricular impairment) there was considerable variation from -_1o- pixel to pixel, but no consistent regional pattern, and this is attributed to the low absolute number of counts from each small pixel area resulting in noise. In the patients with mitral stenosis there was again some heterogeneity in the image but no regional pattern; the average pixel values were lower than in the controls, as is apparent from fig 1. This difference between the groups is confirmed by calculation of the mean plasma protein accumulation index of the lung fields in each individual patient (fig 2) . Though there was a wide range of individual plasma protein accumulation values in each group and considerable overlap between the groups, the difference between the group medians was significant (p < 0.02). Moreover, within the mitral stenosis group the mean plasma protein accumulation index and the severity of mitral stenosis as reflected by the Gorlin mitral valve area were strongly correlated (R = + 0 7, p < 0 01) (fig 3) . There were no significant correlations between the plasma protein accumulation index and any other haemodynamic or lung function variables. In particular there was a trend towards correlation with the mean pulmonary wedge pressure (fig 4) Factors affecting the formation ofpulmonary interstitial fluid are described by the Starling equation,10 which may be written: F/A = K(AP -s.All) where F/A is the net rate of flow from capillary lumen to interstitial space per unit area of capillary wall, AP is the difference in hydrostatic pressure, All is the difference in colloid osmotic pressure, K is the apparent liquid filtration coefficient (hydraulic conductivity), and s is the reflection coefficient for colloids at the capillary wall. The pulmonary capillary hydrostatic and osmotic pressures are relatively easily estimated (as pulmonary wedge pressure and plasma colloid osmotic pressure) and their independent influences on the development of pulmonary oedema are now well established." 12 The other terms are difficult to measure non-invasively in humans but may be equally important in determining pulmonary oedema. Changes in pulmonary microvascular permeability have been postulated in cases of pulmonary oedema related to hypoxia,'3 adult respiratory distress syndrome,'4 pulmonary embolism,'5 and lung re-expansion.'6 Indirect evidence of capillary permeability changes in pulmonary and renal beds has recently been to examine protein fluxes in the lung.' In these experiments it was found that the plasma protein accumulation index closely paralleled the protein concentrations in pulmonary lymph (and thus pulmonary microvascular permeability) rather than the volume of lymphatic flow. Based on these data, the reduction in plasma protein accumulation index in our patients with severe mitral stenosis indicates reduced pulmonary microvascular permeability rather than increased lymphatic clearance.
CONCLUSIONS
Pulmonary microvascular permeability, as measured by the plasma protein accumulation index of transferrin efflux, was significantly reduced in severe mitral stenosis. Furthermore, the extent of this reduction correlated with the severity of the mitral stenosis, as reflected by the calculated valve area. The resistance to pulmonary oedema of patients with severe rheumatic mitral stenosis may at least in part be attributable to a decrease in pulmonary microvascular permeability. It is, however, likely that other mechanisms also contribute, such as increased left atrial size and compliance and increased pulmonary lymphatic drainage.
